We demonstrate the possibility of realizing sub-Planck-scale structures in the mesoscopic superposition of molecular wave packets involving vibrational levels. The time evolution of the wave packet, taken here as the SU͑2͒ coherent state of the Morse potential describing hydrogen iodide molecules, produces macroscopicquantum-superposition-like states, responsible for the above phenomenon. We investigate the phase-space dynamics of the coherent state through the Wigner function approach and identify the interference phenomena behind the sub-Planck-scale structures. The optimal parameter ranges are specified for observing these features. Mesoscopic superposition of coherent states and their generalizations, such as macroscopic quantum superposition ͑or catlike͒ states, have attracted considerable attention in the recent literature ͓1-3͔, since they show a host of nonclassical behaviors. In a remarkable paper, Zurek ͓4͔ demonstrated that appropriate superposition of some of these states with a classical action A can lead to sub-Planck-scale structures in phase space. These sub-Planck-scale structures in phase space are characterized by an area ប 2 / A. Apart from their counterintuitive nature and theoretical significance, the above scale has been shown to control the effectiveness of decoherence, a subject of tremendous current interest in the area of quantum computation and information. Zurek's realization made use of dynamical systems which exhibit chaotic behavior in the classical domain. Recently a cavity QED realization involving the mesoscopic superposition of the compass states has been given ͓5͔. In principle, one could also use superpositions of catlike states arising in quantum optical systems with large Kerr nonlinearity ͓2͔.
Mesoscopic superposition of coherent states and their generalizations, such as macroscopic quantum superposition ͑or catlike͒ states, have attracted considerable attention in the recent literature ͓1-3͔, since they show a host of nonclassical behaviors. In a remarkable paper, Zurek ͓4͔ demonstrated that appropriate superposition of some of these states with a classical action A can lead to sub-Planck-scale structures in phase space. These sub-Planck-scale structures in phase space are characterized by an area ប 2 / A. Apart from their counterintuitive nature and theoretical significance, the above scale has been shown to control the effectiveness of decoherence, a subject of tremendous current interest in the area of quantum computation and information. Zurek's realization made use of dynamical systems which exhibit chaotic behavior in the classical domain. Recently a cavity QED realization involving the mesoscopic superposition of the compass states has been given ͓5͔. In principle, one could also use superpositions of catlike states arising in quantum optical systems with large Kerr nonlinearity ͓2͔.
In this Rapid Communication, we demonstrate the possibility of realizing sub-Planck-scale structures in the mesoscopic superposition of molecular wave packets, which involves vibrational levels. The time evolution of an initial wave packet, taken here as the SU͑2͒ coherent state ͑CS͒ of the Morse potential, produces catlike states. These arise due to the quadratic dependence of the energy on the vibrational quantum number. The superposition of these states is responsible for the above phenomena. We study the spatiotemporal structure of these states, paying special attention to the fractional revival, which gives rise to four coherent states required for the observation of the sub-Planck structure. This structure can be clearly explained through interference phenomena in phase space. For this, we investigate the phasespace dynamics of the coherent state through the Wigner function approach and identify the optimal parameter ranges for a clear observation of these features.
The Morse potential is well known to capture the vibrational dynamics of a number of diatomic molecules ͓6-10͔. It is worth mentioning that the phenomena of revival and fractional revival ͓11-13͔ have been experimentally observed in wave packets involving vibrational levels ͓14͔. Creation of the wave packets and observation of their dynamics are carried out through pump-probe method ͓15͔. The control and analysis of molecular dynamics is achieved through ultrashort femtosecond laser pulses ͓16͔. Fractional revival can be probed by random-phase fluorescence interferometry ͓17͔. Recently, catlike states, arising in the temporal evolution of the Morse system, have been proposed for use in quantum logic operations ͓18͔.
The Morse potential describing the vibrational motion of a diatomic molecule has the form
where x = r / r 0 −1, r 0 is the equilibrium value of the internuclear distance r, D is the dissociation energy, and ␤ is a range parameter. We will be considering the HI molecule, as an example, which has 30 bound states, with ␤ = 2.079 32, reduced mass = 1819.99 a . u., r 0 = 3.041 59 a . u., and D = 0.1125 a . u. Defining
eigenfunctions of the Morse potential can be written as
where =2e −␤x , 0Ͻ Ͻϱ, and n =0,1, . . . ,͓ −1/2͔, with ͓͔ denoting the largest integer smaller than , so that the total number of bound states is ͓ −1/2͔ + 1. The parameters and s satisfy the constraint condition s +2n =2 −1. Note that is potential dependent, s is related to energy E, and, by definition, Ͼ0, s Ͼ 0. In Eq. ͑3͒, L n s ͑y͒ is the associated Laguerre polynomial and N is the normalization constant:
Quite some time back, Nieto and Simmons gave a 
